Introduction
High resolution ultrasound is an ideal method of examining the injured extremity. Examinations can be performed quickly, painlessly and cheaply to provide accurate diagnosis following tendon, ligament and muscle injury. This paper will be divided into two parts. The first will describe the generic appearances of injury to tendons, ligaments and muscles, regardless of site. The second will briefly describe the ultrasound appearances of common injuries at various anatomical sites. Technical factors including probe frequency and configuration have been well described elsewhere'.
Ultrasound Appearances of Muscle, Tendon and Ligament Injury

Muscle Injury
Trauma to muscle can result in a variety of injuries including haematoma formation, tears, compartment syndromes or myositis ossificans. The normal ultrasonographic appearance of muscle comprises of relatively echo poor fascicles surrounded by echogenic fibroadipose septa. During contraction there is broadening of the muscle fibres, widening of the septa and a generalised decrease of echogenicity. The majority of haematomas are seen as echo poor, well definded intra-muscular lesions which gradually increase in echogenicity as they resolve. The appearance however is variable and the opposite pattern, initially echogenic becoming echo poor, has been observed. Fresh blood is echogenic. If partial tears involve the perimysium then bleeding can occur into the inter-muscular space. Haematomas are to be distinguished from muscle tears which also show echo poor lesions, though often less sharply defined ( Fig. 1) . Definitive diagnosis of a muscle tear can be made when there is discontinuity of the fibro-adipose septa, or indeed when the disrupted ends of the tear can be indentified within a large haematoma. This latter sign has been referred to as the "bell clapper" sign".
Dynamic scanning can also assist in distinguishing haematoma from tears as the latter appear to increase in size during contraction whereas haematomas do not. A variety of other intramuscular lesions may be seen following trauma. Old healed scars may be seen as small echogenic structures. Post traumatic myositis ossificans shows similar appearance to haematomas, with the addition of echogenic foci of calcification or ossification. Sonographic evidence of calcification may precede plain film changes. Ultrasound can also be used to demonstrate a plane of separation from underlying bone and thus assist in the differential diagnosis of osteogenic sarcoma.
Tendon Injury
Normal tendons appear as fine parallel lines of increased echogenicity interspersed with echo poor tendon fibrils. The tendon sheath is identified as thin highly echogenic lines surrounding the tendon (Fig. 2 ). Tendons should be examined with a perpendicular ultrasound beam to avoid the well recognised pitfall of false positive echo poor areas, which can result from an oblique plan of scanning ( Fig. 3 ). These are particularly common at the distal ends of tendons, where tendons frequently follow an oblique course to their insertions. Trauma can result in partial or complete tears, tendonitis or peri-tendonitis. Complete tears appear as disruption of the normal linear echogenic structure of the tendon with separation of the tendon ends. With partial healing the tendon ends may be joined by an echogenic fibrous scar. Some tendon continuity is maintained in partial tears, otherwise the ultrasound appearances are similar. Tendonitis appears as hypoechoic areas within an enlarged tendon and peri-tendonitis as fluid surrounding the tendon with blurring of the echogenic tendon sheath. Calcific tendonitis can also be readily diagnosed. The healed tear may show areas of increased echogenicity corresponding to scar tissue and these can sometimes be difficult to distinguish from calcific tendonitis. Correlation with plain films is helpful. The range of movement of a tendon can be tested on dynamic scanning. Restricted movement of the tendon will occur if there are adhesions between the tendon and its sheath. With very large FB's, only the echogenic leading edge will be seen with the remainder of the FB obsecured in the acoustic shadow or reverberation artefact. The exact size may therefore be underestimated. Correlation with plain films is recommended when a possible foreign body is located to avoid potential pitfalls of misdiagnosing sesamiod bones or areas of soft tissue calcification as foreign bodies'. Inclusion cysts are usually hypoechoic although the presence of Keratin can result in small foci of increased echogenicity. Other post-traumatic abnormalities that are readily detectable include post-traumatic bursitis and pseudo-aneurysms. The faint periosteal reaction that occurs with stress fractures can be identified and is often associated with soft tissue hypoechic oedema.
Injuries at Specific Sites. Upper Extremity The Shoulder Joint
Rotator cuff tears present with pain, reduced range of motion and weakness. On examination there may be tenderness over the insertion of the supraspinatus tendon and diminished range of abduction with weakness and atrophy of the supraspinatus muscle and altered scapulo-humeral motion. Injuries to the rotator cuff are best evaluated with the patient seated and the arm adducted and internally rotated by placing the back of the hand in the small of the back. The supraspinatus tendon is a rather wide structure measuring approximately 3cm from front to back. The tendon is best demonstrated in the window anterior to the echogenic acromium ( Fig. 4) . A completely normal rotator cuff on ultrasound criteria has a high negative predictive value and, unless there is a strong clinical suspicion of a tear, no further imaging is necessary.
A number of signs have been identified in patients with complete tears. These include: 1) focal discontinuity 2) non visualisation of the tendon 3) focal thinning 4) hypoechoic foci 5) echogenic foci 6) linear echogenic bands 7) thin hypoechoic or hyperechoic layer replacing cuff. The size of the rotator cuff tear correlates well with defects identified at arthrography', Wiener et al classified tears into partial, small complete and large complete. A 91 % sensitivity, 94% specificity, 81 % negative predictive and 97% positive predictive value, with an overall 92% accuracy in classifying tears was found when the ultrasound findings were 
Miscellaneous Post Traumatic Findings
A history of a penetrating injury should prompt a search for echogenic foreign bodies. Ultrasound is particularly useful in the search of non-radiopaque FB's including wooden splinters and thorns. In many cases a history of penetrating injury is not obtained and patients present with abscess formation. A careful search should be made in these patients for the culprit, which is often a small splinter of wood or a thorn. Foreign bodies of less than 2mm are difficult to locate.
Ligament Injuries
Injuries to ligaments can be divided into acute and chronic. Acute lesions can be further divided into ligament sprain, partial tear and complete tear. compared with surgery. This approach is particularly useful in guiding treatment", Dynamic scanning during abduction against the pressure of the operators hand can demonstrate separation of the tendon ends and is useful in confirming the presence of a complete tear. Identification of the inferior epimyseum of the deltoid muscle can be helpful. Normally this is recognised as a reflective line, convex superiorly. In the presence of a tear, the adjacent deltoid drops into the space created by the tear. This is identified by a focal irregularity of the line which becomes flattened or concave superiorly'. Hypoechoic areas can also occur with partial tears, but they do not completely traverse the tendon. Joint or bursal fluid is an associated but nonspecific finding, which can be present with complete or partial tears, in association with tendonitis, or as an isolated finding. Several studies have compared the accuracy of ultrasound against arthrography and MRI and these are summerised in Table 1 . A wide variation in success rates will be noted. There are several possible reasons for this. Rotator cuff ultrasonography is technically difficult with a long learning curve. Furthermore, there is variation in the accepted criteria for diagnosing tears. For example, hyperechoic lines and bands have been variously reported as indicating tears and as normal variants, when they are usually symmetrical, or technical artefacts. Studies which rely on these may have lower success rates. Additional support for the diagnosis of a tear can be obtained by detecting fluid in the sub-acromial bursa and in the tendon sheath (Fig. 5 ). In the latter instance, it is best to search inferior to the bicipital groove as the sheath is less constrained by bony margins and has more room to expand. Neither of these signs is specific to a rotator cuff tear of course, but their presence should alert the operator to a careful search for one. Fluid within the biceps tendon sheath has a high correlation with other abnormalities which occur in up to 95% of cases. The commonest abnormality, occuring in approximately 50% of cases, is a rotator cuff tear".
Non visualisation of the rotator cuff is generally associated with large tears and retraction of the supraspinatus medially. There is however a normal thinning of the posterior supraspinatus tendon, a potential pitfall for a false positive diagnosis. Comparison with the contra-lateral shoulder may help to avoid this. The echogenicity of the supraspinatus tendon is usually greater than the overlying deltoid and consequently the supraspinatus tendon is identified separating deltoid from humerus. With increasing age the echogenicity of the supraspinatus tendon may decrease and approach that of the deltoid muscle. This may then give a false impression of non-visualisation of the tendon with the "deltoid" in direct contact with the humerus and thus a false positive diagnosis of a complete rotator cuff tear may be made. Comparison with the contralateral shoulder should again avoid this pitfall'. Other potential pitfalls include 1) slight heterogeneity that can be encountered in normal patients, 2) a normal area of discontinuity identified on transverse scans representing the intra-articular part of the biceps tendon and the anterior part of the supraspinatus and 3) hyperechoic foci representing the intra-articular biceps tendons or areas of calcification.
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Author
Veer Number More proximal tears, particularly those that occur in the sub-acromial portion of the supraspinatus tendon can be missed on routine shoulder ultrasound examination. More proximal portions of the cuff can be visualised by extending the arm. However most tears occur in the critical zone just proximal to the insertion of the supraspinatus tendon to the greater tuberosity!'. Studies in abduction are also used for demonstrating impingement syndrome. Patients with clear cut signs of a complete tear, particularly if they show separation of the tendon ends on dynamic scanning have a highly positive predictive value. Difficulties are encountered in patients where abnormalities are present but insufficient for clear diagnosis. Increasing experience reduces the number of patients who fall into this category in whom there is still a place for arthrography or MR! where surgerical intervention is contemplated.
Evaluation of the post-operative rotator cuff is difficult as the tendon is normally echogenic at the sight of repair. The only reliable sign of a re-tear is a defect or gap", The tendon of the long head of biceps muscle is easily identified within the bicepital groove where tears, tendonitis and dislocation can be appreciated. The normal tendon measures approximately 4.3mm 6 • Tendon subluxation is characterised by pain and the patient often reports an audible click. Dynamic scanning during the movement which causes the pain and click should be performed when the tendon can be seen subluxing, usually medially over the lesser tuberosity, out of its sulcus. Fluid within the biceps tendon sheath is best appreciated in its inferior portion.
The Elbow
Lateral epicondylitis or tennis elbow is a painful condition affecting the common extensor orgin with symptoms radiating along the forearm. The diagnosis is made on clinical examination, with tenderness localised to the lateral epicondyle. In general, ultrasound is not necessary except in atypical cases or cases where there is clinical doubt. Similar symptoms may be mimicked by cervical disease with radiculopathy, or bursitis around the elbow. Ultrasound findings have been reported as: enthesopathy, with swelling of the proximal part of the tendon and altered echogenicity, tendonitis, an enlarged bursa may be present deep to the tendon of the extensor carpi radialis brevis or indeed an intramuscular haematoma within the muscle bodylO
The Hand
The same general rules apply to tendons of the hand as elsewhere. The fingers may need to be held in slight flexion to ensure that the beam is perpendicular to the flexor tendons. The tendons, interosseus muscles, metacarpals are all readily identified, as are the MTP and IP joints.
Lower Extremity
Ultrasound of Knee Injuries
Ultrasound has been used to evaluate the anterior cruciate, extensor mechanism, collateral ligaments, menisci and post traumatic popliteal cysts. Recently with the increasing availability of MRI, ultrasound evaluation of the menisci although easy to perform and inexpensive, has assumed a lesser role.
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Articular Cartilage
The articular cartilage of the weight bearing surface of the femoral condyle and inter-condylar notch can be evaluated in the flexed knee. Unfortunately patients with arthritis, in whom it is most desirable to examine articular cartilage, often find full flexion difficult and therefore portions of the weight bearing surface may be obscured. When it is visualised, articular cartilage is seen as an echo poor band with anterior and posterior echogenic margins. The cartilage-bone interface appears more echogenic than the superficial synovial space-cartilage interface. Normal weight bearing cartilage is 1.2-1.9mm thick, slightly less over the medial femoral condyle". Clarity and sharpness of cartilage correlates better with clinical status than absolute thickness measurements due to the wide range of normal. In the injured patient ultrasound can be used to evaluate osteochondral fractures and depressed tibial plateau fractures involving the articular surface. The patellar articular surface cannot be evaluated reliably.
Meniscal Tears
The normal meniscus appears as ahomogenous echogenic triangular structure. The posterior horn is more readily seen than the body or anterior horn. In in-vitro studies, Richardson et al were able to demonstrate in cadaveric knees, tears as small as 2mm in size if they were vertically oriented, and 4-5mm in size if they were horizontal or radial",
Ligaments and Tendons
The extensor mechanism, comprising the patella and quadriceps tendon, are particularly suitable to ultrasound examinations with accurate differentiation of the normal from the abnormal tendon. The origin of the patella tendon from the base of the patella shows some variation in shape, being conical in active sportsmen and ribbon like in sedentary individuals", In transverse section, the patella tendon appears oval measuring 3-6mm in AP and 10-15mm in lateral diameter. A variety of pathological conditions have been demonstrated. Patellar tendonitis can be either diffuse, with an enlarged diffusely hypoechoic tendon!', or focal. Focal tendonitis usually occurs near the upper insertion where it is known as "Jumpers Knee" because it is particularly common in sports that involve jumping, such as basketball, volleyball and soccer. The lesion, which is caused by repetitive micro-rupture, appears as a hypoechoic area. Tendonitis of the distal patella tendon is seen in Osgood Schlatters disease. Partial tears have a similar appearance to nodular tendonitis, with localised areas of decreased echogenicity. Intratendinous haemotoma, mucoid degeneration and calcific tendonitis also occur. Indeed, small hypoechoic areas could represent either focal tendonitis, degenerative tendonitis, small partial tears or even small intra-tendinous haematomas. Larger partial and complete tears will usually demonstrate tendon discontinuity.
The cruciate ligaments can be demonstrated, but again ultrasound has taken a subsidiary role to MR!. The medial and lateral collateral ligaments are quite superficial and readily amenable to ultrasound examination.
The Ankle and Foot
The normal Achilles tendon measures up to 6mm thick in adults and comprises 6-8 hyperechoic bands representing the connective tissue between the tendon fascicles". It has a well defined echogenic margin with fine parallel internal echoes. Complete tears are identified as discontinuity with intervening haematoma or in the case of chronic healed tears, echogenic fibrous scar tissue. The diagnosis of acute complete rupture is usually made clinically and there is a limited need for ultrasound confirmation. Estimation of the size of the gap, however, can be useful. Chronic tears may be overlooked clinically because intervening scar tissue may fill the normal palpable defect and give a false negative Thompson test (a positive test occurs when the foot fails to plantarflex on squeezing the calf). Partial tears may show several abnormalities including localised thinning, contour abnormalities, irregular acoustic shadowing, peritendinous fluid of more than 1em diameter, and thickening of the severed ends of the tendonI" Tendonitis is seen as a focal enlargement of the tendon (Fig. 6 ), or hypoechoic lesions within the tendon especially in the area 2-5cm above the insertion. Fluid, haematoma or oedema may be identified in the peritendinous sheath, in the pretendinous bursa or surrounding soft tissue. Chronic tendonitis is seen as a diffuse extensive heterogeneity. occasionally with calcification. A normal sonogram in a symptomatic patient with a short duration of history will reliably predict a successful response to conservative treatment". 
